CM 
< 
O 



(19) 



J 





(12) 



(43) Date of publication: 

16.10,1996 Bulletin 1996/42 



Europdisc^es Patentamt 
European Patent Office 
Office europ6en des brevets 0 738 01 0 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI.S: HOI L 27/148 



(21) Application number: 96105608.6 

(22) Date of filing: 1 0.04.1 996 



(84) Designated Contracting States: 
DE FR GB 

(30) Priority: 13.04.1995 US 421173 

(71) Applicant: EASTMAN KODAK COMPANY 
Rochester, New York 14650 (US) 

(72) Inventors: 

• Lee, Paul P., 
0/0 Eastman Kodak Co. 
Rochester, New York 14650-2201 fUS) 



• Guldash, Robert WL, 
c/o Eastman Kodak Co. 
Rochester, New York 14650-2201 (US) 

• Lee, Teh-Hsuang, 

c/o Eastman Kodak Co. 

Rochester, New York 14650-2201 (US) 

• Stevens, Eric Gordon, 
c/o Eastman Kodak Co. 
Rochester, New York 14650-2201 (US) 

(74) Representative: Schmidt, Peter, Dipl.-lng. et al 
KODAK Aktiengeseiischaft 
Patentabteilung 
70323 Stuttgart (DE) 



(54) Active pixel sensor Integrated v/lth a pinned photodlode 



(57) The optimization of two technologies (CMOS 
and CCD) wherein a pinned photodiode is integrated 
into the image sensing element of an active pixel sen- 
sor. Pinned photodiodes are fabricated with CCD proc- 
ess steps into the active pixel architecture. Charge 
integrated within the active pixel pinned photodiode is 



transferred, into the charge sensing node by a transfer 
gate. The floating diffusion is coupled CMOS circuitry 
that can provide the addressing capabilities of individual 
pixels. Alternatively, a buried channel photocapacitor 
can be used in place of the pinned photodiode. 
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Description 

FIELD OF THE INVENTION 

The present invention relates to image sensing 
devices, and more particularly, to the integration of 
charge coupled device (CCD) technology within CMOS 
technology. 

BACKGROUND OF THE INVENTION 

Active pixel sensors refer to electronic image sen- 
sors within active devices, such as transistors, that are 
associated with each pixel. An active pixel sensor has 
the advantage of being able to easily incorporate signal 
processing and decision making circuitry on the same 
chip. Conventional active pixel sensors typically employ 
polysiiicon photocapacitors or photogates as the active 
image sensing elements. These conventional active 
pixel sensors suffer from poor blue color response, high 
dark current and image lag. 

Pinned photodtodes have been employed within 
charge coi^Died devices and have shown advantages In 
the area of color response for blue light dark cun-ent 
density and image lag. For this reason pinned photodi- 
odes are normally associated with high performance 
image sensors. Heretofore, pinned photocBodes have 
typically been employed as photoelements for charge 
coupled devices. An exanrple of such a use of a pinned 
photodiode can be seen in THE PINNED PHOTODl- 
ODE FOR AN INTERLINE-TRANSFER CCD IMAGE 
SENSOR, by Burkey et al.. EDM 84. 1984, pages 28- 
31. However, charge coupled device technology lacks in 
the anrount and type of circuitry elements that can be 
placed on a device. 

From the foregoing discussion It shouki be appar- 
ent that there remains a need within the art of semicon- 
ductors tor a pinned photodiode employed within a 
semiconductor technology that can provide advanced 
circuitry elements. 

SUMMARY OF THE INVENTION 

The present invention overcomes the shortcomings 
of the prior art by provkJing for the optimizatton of two 
technologies (CMOS and CCD) wherein a pinned pho- 
todiode is Integrated into the image sensing element of 
an active pixel sensor. Pinned photodiodes are normally 
febricated with CCD technology. By incorporating the 
appropriate process steps from CCD technology, a 
pinned photodiode can be integrated into the active 
pixel architecture. To improve the blue response and the 
dark current limrtattons of the active pixel sensor, a new 
CMOS imager has been integrated with a pinned photo- 
diode using a mixed process technology. This technol- 
ogy combines CMOS and CCD processes to provide 
the best features from both technologies. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of the pinned photo- 
diode based active pixel sensor of the present invention. 
5 FIG. 2 is a cross sectional diagram of the devices 
used in creating the sensor of the present invention. 

FIG. 3a through FIG. 3g illustrate the various proc- 
ess steps employed in creating the device of FIG. 2. 

10 DESCRIPTION OF THE PREFE RRED EMSQDIMFNT 

It has been discovered that technological features 
of a charge coupled device (CCD) can be employed to 
CMOS type semk^onductors to create an active pixel 
IS sensor having a pinned photodiode using both technol- 
ogies. 

RG. 1 shows a schematk; diagram of the pinned 
photodiode based active pixel sensor of the present 
invention, as employed within a CMOS based signal 

20 processing system. To improve the blue response, 
reduce tag and minimize the dark current characteristics 
of the active pixel sensor, a new CMOS imager has 
been integrated with a pinned photodkxJe 12 using a 
mixed process technology. This combines n-well CfAOS 

25 technology and a pinned photodiode CCD processes to 
provkie a sensor having the best features from both 
technologies. An n x m pinned photodiode active pixel 
sensor can be designed and fabricated, where n and m 
are number of pixels on tiie edges of the sensor. The 

30 present invention has advantages by incorporating 
image-sensor CCD technology in CMOS active sensor. 

FIQ. 2 Illustrates a cross sectional diagram of the 
devices used In creating the sensor of the present 
invention. This is the result of integration of an active 

35 pixel sensor (APS) architecture typically febricated in 
Complementary Metal Oxide Semiconductor (CMOS) 
technology with a pinned photodiode 12 (PPD) device 
using a mixed process technology. This new technology 
allows mixing of CMOS and high performance Charge- 

40 Coipled Device (CCD) modules. The PPD 1 2 becomes 
the photoactive element in an XY-addressable area 
anBy with each pixel containing active devices for the 
transfer 14. readout via f bating diffusion IS, and reset 
18 functions. An n-well CMOS technology was com- 

45 bined witii the CCD process to provWe the best features 
from both technologies. By replacing tiie polysiiicon 
photocapacitor or photogate in conventional APS with 
the pinned photodkxle 12. deficiencies in poor blue 
response, image lag and high dark cun-ent are mini- 

50 mized. 

A burled-channei photocapacitor (not shown) 
biased in the accumulation mode would not have the 
limitations in dark cun-ent tiiat CMOS technology has. A 
buried channel photcapacitor has essentially equivalent 
55 dark current characteristics to the PPD. The blue 
response problem can also be eliminated by using 
transparent gating material. An example of such a 
' - niaterial would be Indium Tin Oxide (ITO). Therefore, 
employing both a buried channel photocapacitor with a 



BEST AVAILABLE COP 



rv .CD 




EP0 738 010 A2 



transparent gate electrode provides for superior charac- 
teristics for blue light response and dark current, similar 
to those achieved by the PPD. Both the buried channel 
photocapacitor with a transparent gate and the PPD are 
devices typically assodated with CCD technology. The 5 
present invention incorporates these devices from the 
CCD technology with CMOS processing capabilities. 
The construction of a active pxel sensor enploying a 
buried channel photcapacrtor would be similar to the 
PPD in FIG. 2 with the photocapitor structured rruich like w 
the transfer gate of the PPD embodiment. The transfer 
gate of the photocapacitor embodiment then would be 
without the burled channel of the transfer gate used by 
the PPD embodiment 

The process integration mixes the two technologies 15 
resulting in performance which is conparable to that 
obtained by each of the conventional processes, individ- 
ually. This was demonstrated on linear image sensors 
and CMOS test circuits. 

In the mixed process technology, schematic repre- 20 
sentation of the process flow is given in FIQ. 3a through 
3g. 

FIQ. 3a illustrates the patterning and ion implanta- 
tion used within the present invention to form n-well 40 
which is used to contain the PMOS transistors that will 25 
form part of the control circuits of present invention. 

FIQ. 3b and 3c show the patterning and growth of 
isolation oxide/fieid oxide which is used for isolating 
devices to be fanned on the silicon layer 2 with or with- 
out epitaxial layers and with or without wells structures. 30 

FIG. 3d illustrates the patterning and ion implanta- 
tion of an n-type buried channel 15 which is used to 
form the transfer gate 14 of the pixel within the present 
invention. After the Implantation of the buried channel 
15, photoresist layer 52 is removed and a pdysilicon 35 
layer 26 is formed upon the substrate. The polysillcon 
26 is used to form local interconnects and the gates of 
trarisistors. Both PMOS and NMOS transistors will have 
their gates formed by this polysilicon 26. 

FIG. 3e shows the patterning of the polysilicon 26 40 
with photoresist 54 and Implantation of N+ dopant to 
form source and drain regions. This results in source 
and drain regions that are self aligned to the remaining 
polysilicon 26. This forms tiie NMOS transistors within 
the prefen-ed embodiment. 45 

FIG. 3f show the construction of the PPD by pat- 
terning with photoresist 56 areas for two additional 
implants. The first implant is to create a photodode by 
implanting a deeper N+ Impurity than was previously 
used by the source and drain Implants discussed above, so 
The deeper Implant yields substantial increases in 
photo response due to an increase collection path for 
the inciderrt photo carriers witfi the deeper implant. A 
pinning layer 22 Implant is then made using high doses 
of low energy P+ dopant that remains near the surface 55 
of thephotodiode 32. 

FIG. 3g shows tiie patterning witti photoresist 68 
and the following ion implantation of the source/drains 
of the PMOS transistors. As with the NMOS ti'ansistors, 



tiie source/drain implants for the PMOS transistors are 
self aligned with ttie selected polysilicon. P+ implant are 
used to construct the PMOS transistors. 

The device is completed by the appropriate planari- 
zation and n>etalization steps. 

The imager architecture of tiie present invention 
can be employed to signal processing circuitry of prior 
art devices to increase tfieir overall performance. An 
example is the incorporation of the present invention 
into an earlier designs implemented at Jet Propulsion 
Laboratory. This earlier design is described in IEEE 
Transactions on Electi-on Devices. Vol. 41. No. 3. March 
1994 (hereinafter referred to as JPL). While descn*bing 
a photogate integrated into an active pixel sensor, the 
dewce as taught by JPL did not provide a sensor that 
yielded satisfactory blue waveiengtii color response 
Additionally, the JPL device lacked sufficient lew dark 
current noise characteristics. The present invention 
overcomes these shortcomings by incorporating pinned 
photociode technology not conventionally applied witfiln 
CMOS technology This results in an image sensor hav- 
ing superior response tor blue light and improved dark 
current noise characteristics. 

While the best mode known to ttie inventor has 
been disclosed by the prefen-ed embodiment various 
•modfications will be obvius to those skilled in the art. 
These obvious modifwations should be considered in 
view of the appended claims. 

Claims 

1. A method for integrating a pinned photodiode Into 
an active pixel sensor comprising tiie st^ of: 

providing a substrate made from a semicon- 
ductor material of a first conductivity type with a 
series of masking layers including at least one 
conductive layer on a major surface of the sub- 
strate; 

forming at least one well of a second conductiv- 
ity type tfiat is opposite the first conductivity 
type in area where control circuitry is to be built, 
and forming an active area over ttie substrate;' 
patterning at least one transfer gate and a 
series of local Interconnections; 
forming structures for a charge sensing means, 
including, creating patterns representing a first 
set of sources and drains for a predetermined 
set of transistors, including at least one drain 
for each of the transfer gates such that the 
drain is self aligned to the transfer gate; 
implanting a second conductivity type opposite 
the first conductivity type as to create the first 
set of sources and drains; 
patterning at least one image sensing area 
adjacent to the transfer gate; 
implanting within the image sensing area a 
material of the second conductivity type to cre- 
ate a photodiode; 
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implanting on top of the ptiotodiode a pinning 
layer comprising the first conductivity type; 
creating patterns representing a second set of 
sources and drains for a predetermined set of 
transistors; 

implanting the first conductivity type to create 
the second set of sources and drains; and 
creating a predetermined set of contacts on 
first and second set of source drains. 

2. The method of claim 1 further comprising the step 
of providing a transfer region of the second conduc- 
tivity type below the transfer gate such thai it is 
essentially self aligned with the transfer gate side 
opposite the photodiode. 

3. The invention of daim 2 wherein the step of 
implanting on top of the photodiode a pinning layer 
further comprises implanting the first conductivity 
type such that it has at least one edge that overlaps 
the transfer region and is at the surface of the sec- 
ond conductivity type. 

4. The invention of claim 1 further comprising the step 
of p-oviding the drain self aligned to the transfer 
gate is a floating diffusion region that is coupled to 
the second set of sources and drains. 

5. The method of claim 1 wherein the steps relating to 
implanting the first and second sets of sources and 
drains are reversed. 



sistors that were not used to the create image 
sensors to form a CMOS control circuit couple 
to the image sensor by the local connection; 
and 

5 a predetermined set of contacts on first and 

second set of source drains. 

7. The pixel sensor of claim 6 further comprising a 
transfer region of the second conductivity type 

10 below the transfer gate such that it is essentially self 
aligned with the side of the transfer gate adjacent to 
the photodiode. 

8. The pixel sensor of daim 7 wherein the pinning 
75 layer further comprises that it has at least one edge 

that is self aligned to the side of the transfer region 
adjacent to the photodiode. 

9. The pixel sensor of daim 6 further comprising the 
20 charge sensing means is a drain being self aligned 

to the transfer gate conrprising a floating diffusion 
region that is coupled to the second set of sources 
and drains. 

25 10. The pixel sensor of claim 6 wherein the image 
sensing area is an array of pinned photodiodes that 
is operatively controlled by the CMOS control drcuit 
via the local Interconnections. 

30 



6. An active pixel sensor having at least one pinned 
photodiode comprising: 

35 

a substrate of a senticonductor material of a 
first conductivity type having a series of mask- 
ing layers induding at least one conductive 
layer, and at least one charge sensing means; 
at least one transfer gate and a series of local 4o 
interconnections upon the conductive layer; 
a first set of imjirfants made from a second con- 
ductivity type that is opposite the first conduc- 
tivity type, the first set of implants functioning 
as sources and drains for a first set of transis- 45 
tors, induding at least one source for each of 
the transfer gates such that the drain is self 
aligned to the transfer gate; 
at least one image sensing area adjacent to the 
transfer gate formed from one of the sources so 
implanted within the substrate to create a f^o- 
todiode, with a pinning layer comprising a 
material of the first conductivity type on top of 
the photodiode; 

a second set of implants used as sources and ss 
drains for a second set of transistors made 
from implants of the first conductivity type, the 
second set of transistors being formed in con- 
junction with any remair«ng the first set of tran- 
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